A B S T R A C T Surface markers typical of T and B lymphocytes were present on varying proportions of peripheral blood lymphocytes from three infants with severe combined immunodeficiency disease. Despite this, functions mediated by T and B cells were either absent or very minimal in all three, including cell-mediated responses in vivo; the in vitro proliferative response to mitogens, allogeneic cells, or antigens; effector cell function in lymphocyte-antibody lymphocytolytic interaction assays; and in vitro synthesis of IgG, IgA, and IgM. In contrast, mononuclear cells from one of the infants were tested and found capable of lysing both human and chicken antibody-coated erythrocyte targets normally. Co-cultivation experiments with unrelated normal control lymphocytes failed to demonstrate suppressor cell activity for immunoglobulin synthesis in these infants. Augmentations of immunoglobulin production from 310 to 560% over that expected on the basis of individual culture data were noted in co-cultures of one of the infants' cells with two different unrelated normal control cells. These findings suggest that that infant may have had a T helper cell defect or that his T cells were unable to produce soluble factors necessary for B cell differentiation. The finding of cells with differentiation markers characteristic of T and B lymphocytes in each of these patients, though in variable quantities, is further evidence for heterogeneity among patients with the clinical syndrome of severe combined immunodeficiency and Dr.
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Received for publication 17 November 1975 and in revised form 18 (2, 3) . Since these patients do have thymus glands and because immune function has been conferred on a number of them by grafts of histocompatible bone marrow, it has been hypothesized that the primary defect in this condition is an abnormal stem cell (1) . This Methods. Rosette formation, membrane immunofluorescence, and lymphocyte stimulation studies were carried out as described earlier (13) , except that spontaneous sheep erythrocyte (E or T) rosette studies were performed with neuraminidase-treated as well as untreated sheep erythrocytes (14) , human type A erythrocytes coated with rabbit IgG antibody (HEA) were used to test for the Fc receptor, and only human erythrocytes coated with rabbit antibody and mouse complement (HEAC) were used to test for complement receptor B cells. Ficoll-Hypaque-purified peripheral blood lymphocytes were used for all of these studies and the cells were also preincubated with carbonyl iron to deplete monocytes for the fluorescence and rosette studies. The purity of such lymphocyte suspensions was > 99% and the yield averaged 60-70% of the cells available in the whole blood. Studies were carried out on from two to six occasions in each patient.
Lymphocyte-antibody lymphocytolytic interaction (LALI) studies were carried out as described by Trinchieri et al. (15) , using macrophage-depleted, Ficoll-purified peripheral blood lymphocytes as effectors, and 'Cr-labeled Ficoll-purified human lymphocytes coated with alloantibodies as targets. The effector lymphocyte suspensions were adjusted to 106/ml and the effector to target cell ratio was 100: 1. A result of more than 10% MCr release was considered positive. All alloantisera used had been shown effective in preparing their respective target lymphocytes for killing by a variety of normal effector cells. The experiments were done in triplicate and the percent specific release of chromium was calculated by the formula E-S/TI X 100, where E is the experimental release (mean value), S the spontaneous release (target + effector + media) and TI is the total incorporation of chromium. Antibody-dependent cell-mediated cytotoxicity was also tested with similarly prepared macrophage-depleted or undepleted mononuclear effector cells and either chicken erythrocytes coated with rabbit IgG antibody or human O+ erythrocytes coated with Ripley IgG anti-D labeled with TMCr as targets.
Lymphocytes were tested for their ability to synthesize immunoglobulins in vitro as described elsewhere (16) . To determine whether defective immunoglobulin synthesis in vivo was associated with the presence of suppressor cells, the lymphocytes of the patients were co-cultured with an equal number of lymphocytes from normal individuals in the presence of pokeweed mitogen (16) . The 
RESULTS
The absolute lymphocyte counts and percentages of T and B cells in the peripheral blood of each of the three patients at the time of their initial evaluations are presented in Table I . Cases 1 and 2 were lymphopenic, but the lymphocyte count of patient 3 was well above the normal mean for age. Cells having surface characteristics of T or B lymphocytes were found in all three infants. In patients 1 and 2 the percentages of cells forming spontaneous sheep erythrocytes (E) rosettes were very low, whereas the percentages of cells bearing the complement receptor were elevated in both, particularly in case 2 where 91% of the cells formed HEAC rosettes. In addition, the percentages of patient 2's cells bearing IgM and IgD on their surfaces were ,A bearing the complement receptor were above 2 SD ,'%,T) of the normal mean on most determinations, but were /.~--within the normal range at the initial and 91-mo evaluations, and never exceeded 45% of the peripheral blood HEAC(B) lymphocyte population. Serial absolute lymphocyte counts for patient 3 were variable but were well within the normal range at the initial and 71-mo evaluations and were very close to the lower range of normal (4,500/mm') on all but four of the remaining evaluations, when values ranged from 2,300 to 3,300/mm3. 9 10 Despite (19) , leukocytes from all normal infants and children from 1 to 6 yr of age tested were able to serve as effectors in this type of antibodydependent lymphocyte cytotoxicity test and the cells from 7 of 11 infants ranging from 3 to 12 mo were found to have this ability. In other (unpublished) studies, we found a mean specific release of 32% in LALI assays with cord blood lymphocyte effectors from 10 normal infants. In contrast to the negative results with case 2 and 3's cells in LALI, case 2's cells, whether macrophage-depleted or not, were able to induce lysis of antibody-coated chicken and human erythrocyte targets (Fig. 4) .
We sought to determine whether the cells bearing surface markers characteristic of B lymphocytes in the peripheral blood of cases 2 and 3 were capable of synthesizing immunoglobulin when stimulated by a nonspecific B cell stimulant in vitro. As shown in Table  III , no IgG, IgA, or IgM were detected in supernates taken at 7 and 21 days from cultures of case 3's washed peripheral blood lymphocytes stimulated with pokeweed mitogen. A small quantity of IgM was detected in 7-and 21-day supernates from case 2 7 mo after his fetal liver transplant, but no IgG or IgA were present. To determine whether certain of their lymphocytes might be functioning as suppressor cells, causing suppression like that caused by T lymphocytes in some patients with common variable hypogammaglobulinemia (16), lymphocytes from cases 2 and 3 were studied in co-cultivation experiments. As seen in Table III , no inhibition of pokeweek mitogen-stimulated immunoglobulin synthesis by the normal cells was observed when they were cocultured with cells from cases 2 and 3. Indeed, there appeared to be considerable augmentation of the quan- Resul,ts of antibody-dependent cell-mediated cytotoxicity studies using macrophage (msd) depleted or undepleted lymphocyte suspensions from case 2 as effector cells and antibody-coated human or chicken erythrocytes as targets. Significant specific release is seen with all effector cell preparations.
tity of IgM, IgA, and IgG produced with two different sets of normal control cells when co-cultured with cells from case 2. The mean quantities of immunoglobulin synthesized over that expected were 560% for IgM, 440% for IgG, and 310% for IgA (Table III) . Although this augmentation could be due to donor B cells derived from the fetal liver, the patient had a high percentage of cells bearing B cell differentiation markers before transplantation, and this percentage declined after transplantation. Moreover, when these s,tudies were done, he had no evidence of immunoglobulin production in vivo (12) and, as noted above, his cells produced only a small amount of IgM when cultured alone with pokeweed. DISCUSSION The finding of variable, even normal, percentages of cells having surface characteristics of T and B lympho- cytes in these three infants with SCID fails to support the concept of a stem cell defect as their primary problem. Moreover, the heterogeneity observed in their lymphocyte subpopulations adds to that already apparent in SCID from the findings that some of these infants are extremely deficient in ADA (11) (24) indicates that these cells are neither T or B cells but a third subpopulation of lymphocytes. Since normal percentages of cells bearing Fc receptors were demonstrated on the surfaces of macrophage-depleted lymphocytes from cases 2 and 3, their failure to act as effectors in LALI appears not to be due to absence of Fc receptor or K cells. The observations are more consistent with an intrinsic defect in the cell, so that triggering of function by stimuli interacting with membrane receptors does not take place. Rachelefsky et al. (25) have also reported no effector cell activity in a LALI type of assay in one infant with SCID but low activity in two given transplants of bone marrow or thymus.
The data are rather more compatible with either a block of maturation of cell function or a metabolic defect that prevents normally differentiated cells from carrying out their functions. Supporting such concepts are the recent demonstrations by Pyke et al. (26) An alternative possibility is that the defect or defects in these infants could be due to either a deficiency or excess of a particular subpopulation of T cells that affects the maturation or function of other subpopulations of lymphocytes. There could be a deficiency of T-helper cells, for example, or an excess quantity of T-suppressor cells, or both. That such types of aberrations exist in human immunodeficiency has already been well documented in patients with common variable hypogammaglobulinemia, shown to have an excessive proportion of T-suppressor cells, capable not only of suppressing immunoglobulin synthesis by their own B cells but also that of normal B cells (16) . In view of the near-normal percentages of T and B cells in case 3, we wondered whether the T cells might be of the suppressor variety since they did not exhibit normal T 
